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Abstract 
In this work, we study in detail the sensing characteristics of piezoresistive force sensors based on structured LTCC 
(Low Temperature Co-fired Ceramic) cantilevers carrying a thick-film piezoresistive bridge. These devices show 
much improved sensitivity compared to classical alumina-based devices, but may exhibit abnormally large signal and 
drift, which indicates the presence of structural defects originating from fabrication issues or deleterious interactions 
between materials. To eliminate these effects, the fabrication parameters of the LTCC cantilevers have been studied 
in detail. By varying materials, layer thicknesses, stacking order and lamination parameters, the respective roles of 
resistor-termination-tape interactions, plastic deformation of conductor tracks and lamination quality of the LTCC 
sheets may be elucidated. 
 
© 2011 Published by Elsevier Ltd. 
 
.H\ZRUGV Low Temperature Co-fired Ceramic (LTCC) ; force sensors ; cantilever, drift, sensitivity 
1.Introduction 
In the force and pressure sensor field, thick-film piezoresistive materials are traditionally used on 
alumina substrates due to their reliability, simplicity and low cost [1]. Recently, achievable sensitivity of 
force and pressure sensors has been improved through the replacement of alumina by LTCC. Several 
features of LTCC technology allow an improvement of sensitivity: 3D structuration, a much lower 
Young’s modulus compared to alumina (approx. 3 times lower), and the availability of thinner sheets [2]. 
In addition to allowing the manufacture of very low-force sensors, strength and stiffness may largely 
be conserved by suitable structuration of the cantilevers (Fig. 1). Also, the cantilevers remain compatible 
with low-cost assembly by soldering onto a standard thick-film 25.4 x 12.7 mm2 signal conditioning 
base [3], as shown in Fig. 2. 
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In spite of their promising measuring characteristics, abnormally large, although linear responses 
and/or drift of the signal (Fig. 3) are sometimes observed. This may originate from various phenomena, 
such as interaction of piezoresistor and conductor materials with LTCC tape, plastic deformation of 
conductor tracks and resistor terminations, or defective bonding between the LTCC layers. Therefore, we 
have undertaken a study of the sensing characteristics and stability of the LTCC force-sensing beam as a 
function of its manufacturing parameters, in order to elucidate the cause of the observed behaviour.  
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2.Experiments 
To this end, we varied the LTCC tape thickness and count. Three cantilever thicknesses were 
manufactured by combination of DuPont 951 165 Pm (“M”) and 254 Pm (“E”) tapes, depicted on 
Table 1: MM (280 Pm), ME (350 Pm) and MMM (420 Pm), these thicknesses are after sintering. Then, 
the placement of second layer of conductors (Fig. 4a) has been studied. This layer, which is required due 
to the small size (3 x 15.6 mm) of the sensing cantilever, was either buried inside the LTCC (Cin) or 
placed on the surface opposite to the piezoresistors (Cout) (Fig. 4c). Afterwards, the resistor firing 
process was also tested: the resistors were co-fired with the LTCC and conductor terminations (Rco) or 
fired separately after the LTCC and the termination conductor (Rpost). Finally, the lamination mode, 
between rigid metal plates or with a rubber insert laterally constrained by an aluminium tube (“pseudo-
isostatic”) was also tested. The combinations of samples are presented in Table 1.  
 
Table 1. Sample combinations 
 
Tape 
combination 
Fired thickness 
[Pm] 
Cout + Rco Cin + Rco Cout + Rpost Cin + Rpost 
MM 280 metal / rubber metal / rubber metal / rubber metal / rubber 
ME 350   metal / rubber metal / rubber 
MMM 420 metal / rubber metal / rubber metal / rubber metal / rubber 
 
3.Results 
In order to study the potential of the LTCC as a sensor, we measured the sensitivity of the signal and 
studied its drift after loading/unloading cycles. To this end, the cantilevers were loaded and unloaded 
twice during 15 min for each period. The force applied was ~50mN. Fig. 5 reports the response and the 
drift for a few sensors. Several variants could not be measured due to manufacturing problems. During 
the sintering phase, the shrinkage can change depending on the LTCC layer combination, the inner 
conductor layer and the lamination mode, often leading to poor alignment with post-fired layers.  
 
Table 2. Variants which exhibit manufacturing problems. 
 
Tape 
combination 
Cout + Rco Cin + Rco Cout + Rpost Cin + Rpost 
MM metal / rubber  metal metal 
ME     
MMM rubber metal   
 
The thickness of the cantilever is the dominant parameter for the response, which takes high values 
(~2 mV/V) for the thinnest cantilevers. However, this comes, in some variants, at the cost of higher 
variability and drift. For the intermediate thickness (350 Pm), the sensitivity is between 1 and 1.5 mV/V 
and between 0.7 and 0.9 mV/V for the thickest cantilevers (~420 Pm). Compared to a similar cantilever 
realised on alumina [3], the sensitivity on LTCC a factor 2-7 higher, due to a suitable structuration of the 
LTCC tape around the resistors as well as the lower Young’s modulus of LTCC. This improvement 
comes in spite of the half-bridge measurement (only 2 active resistors out of 4), compared to the full 
Wheatstone bridge used on the alumina cantilevers. 
Drift is tendentially higher for all thicknesses with the metal lamination mode than with rubber, which 
is ascribed to the high local stresses exerted by the hard metal surfaces on the circuit features (tracks, 
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resistors, etc.). These local stresses are much lower with the rubber, which emulates isostatic lamination. 
Thinner cantilevers are especially sensitive to these processing aspects, and exhibit the highest drifts for 
unfavourable conditions. Compact to these factors, the impact of conductor position is low. 
Due to manufacturing problems, we did not have enough samples to conclude decisively on the impact 
of firing on the resistor. Nevertheless we can see that co-fired resistors tend to give lower drift (see #4, 12 
& 15 on Fig. 5). 
 
4.Conclusions and outlook 
In this study, we examined the cause of drift of LTCC force sensors by varying parameters such as the 
thickness of the cantilever (number & thickness of tapes), the position of conductor tracks, the firing 
process of the resistors and the lamination mode. The results allowed determining favourable combination 
of these parameters yielding optimised force sensors with a high sensitivity and reduced drift.  
Further experiments will still be carried out to confirm the conclusions of this study, by testing more 
samples with co-fired resistors. Moreover, thinner cantilevers will be manufactured, with the aim of 
achieving 10 mN nominal force. 
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